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PHOTOSENSITIVE PASTE, SUBSTRATE FOR PLASMA DISPLAY PANEL 
USING THE SAME, AND METHOD OF PRODUCTION OF THE SUBSTRATE 

Technical Field 

The present invention relates to a photosensitive paste used for formation of a 
substrate for plasma display panel (hereinafter referred to as 'TOP"), a substrate for PDP. 
and a method of production of the substrate. 

Background 

A PDP for use as a thin large-picture display is generally equipped with a substrate 
for PDP. A typical substrate for PDP is composed of a pair of flat glass plates and ribs 
having a predetermined height and a predetermined width (also referred to as barrier ribs, 
partitions or barriers), the flat glass plates facing each other at a regular interval via the ribs. 
With such a composition, the rib partitions a space between a pair of flat glass plates in an 
airtight state to define a plurality of discharge display cells (discharge spaces) capable of 
emitting light by plasma discharge. 

The rib of the discharge display cell can be produced, for example, by a so-called 
transfer method disclosed in Japanese Unexamined Patent Publication (Kokai) No. 9- 
265905. First, a mixture of a powder of glass or ceramics, a binder containing an organic 
additive, and an organic silicate compound is filled in. a mold and molded by a thermal 
curing reaction or a photocuring reaction. Thereafter, the resulting molded article is 
removed fi-om the mold and transferred onto the flat glass plate. Then, the transferred 
molded article is calcined and integrally bonded with the flat glass plate to obtain a desired 
rib. 

Summary of the Invention 
In case of the molding by the thermal curing reaction as described above, when the 
flat glass plate has a very large area for large-size PDP, the temperature distribution 
becomes considerably ununiform and thermal control often becomes very difficult. Also, in 
case of the molding by the photocuring reaction, a photosensitive paste generally contains 
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lead glass, which absorbs light because of its large mass absoiption coefficient, and it is not 
cured efficiently. 

Furthermore, a binder containing an organic additive is generally undesirable for a 
rib as a final product to be attached to the flat glass plate, and is normally removed at high 
calcination temperature of 500°C. The rib generally requires melting of a glass frit and, in 
case of melting, a temperature higher than the calcination temperature is required. Such a 
high calcination temperature is likely to afford a considerably large thermal distortion to the 
flat glass plate. Even if the binder is removed by calcination, voids are formed between 
ceramics powders to afford a porous structure to the rib. Therefore, the strength of the rib 
is likely to be reduced. Such a reduction in strength is not preferable in view of the quality 
of the rib. 

That is, an object of the present invention is to provide a photosensitive paste, 
which makes it possible to easily form a rib having improved quality, a substrate for PDP 
uang the same, and a method of production of the same. 

According to one aspect of the present invention, ihcrc is provided a photosensitive 
paste comprising a powder of ceramics, and a photocurablc binder that includes a silanc 
coupling agent having a functional group, which is polymerized by radiation. 

According to another aspect of the present invention, there is provided a substrate 
for plasma display panels, comprising a rib which defines a discharge space capable of 
emitting light by plasma discharge, characterized in that the rib is composed by interposing 
an inorganic calcined substance, formed by calcination of a binder of a photosensitive paste 
of the present invention, between powders of the photosensitive paste. 

According to still another aspect of the present invention, there is provided a 
method of production of a substrate for plasma display panel, wherein a rib is provided on a 
transparent flat plate, comprising the steps of: (a) placing a photosensitive paste of the 
present invention between the flat plate and a mold having a concave portion corresponding 
to a shape of the rib to fill the concave portion of the mold with the photosensitive paste, 
(b) curing the binder of the photosensitive paste by radiation exposure of the photosensitive 
paste to form a molded article, (c) removing the molded article integrally with the flat plate 
from the mold, and (d) calcining the cured molded article to interpose an inorganic calcined 
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substance, formed from the binder of the photosensitive paste of the present invention, 
between powders of the photosensitive paste. 

Rriftf nescri ption of the Drawings 

Fig. 1 is an exploded perspective view schematically illustrating one embodiment of 
the substrate for PDP according to the present invention. 

Fig. 2 is a sectional view illustrating a method of production of the substrate for 
PDP shown in Fig. 1 in due order. 

Fig. 3 is a microphotograph (SEM) illustrating a texture state of the rib surfece of 

the molded article produced in Example 1. 

Fig. 4 is a microphotograph (SEM) illustrating a texture state of the rib surface of 
the molded article produced in Comparative Example I 

Fig. 5 is a microphotograph (SEM) illustrating a texture state of the rib surface of 
the molded article produced in Comparative Example 2. 

Detailed Description 
The present invention will be described in detail in accordance with its preferred 
embodiments. It will be appreciated that the present invention is not limited to these 
embodiments. 

Fig. I is an exploded perspective view schematically illustrating one embodiment of 
the substrate for PDP of the present invention. A substrate for PDP 10 shown in the figure 
is for an AC system, and is preferably equipped with a pair of transparent flat plates facing 
each other at a regular inter\ al, which are composed of easily available glass, i.e. a back 
plate 12 and a front plate 14. A rib 16 having a predetermined height and a predetermined 
width is disposed between the back plate 12 and the front plate 14, and the rib partitions a 
space between them, thereby making it possible to define a plurality of discharge display 
cells 18. Furthermore, each discharge display cell 18 is disposed with an address electrt)de 
20 on the back plate 12 along the rib 16. On the front plate 14, a transparent bus electrode 
22 of ITO (indium tin oxide) is disposed perpendicularly to the rib 16. Furthermore, a rare 
gas (not shown) is enclosed between these electrodes 20, 22. thereby making it possible to 
light emission due to discharge. On each address electrode 20, a fluorescent layer 24 may 
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be formed in a certain order, thereby making it possible to perform color display. On the 
front plate 14 and the bus electrode 22, a transparent dielectric layer 24 is provided to coat 
the bus electrode 22, thereby contributing to inhibition of sputtering of the electrode and an 

increase in life of PDP. 

In this embodiment, the rib 16 is composed of those obtained by calcining a molded 
article (not shown) attached integrally on at least one of the back plate 12 and front plate 
14. Describing in more detail, this molded article is obtained by curing the photosensitive 
paste by radiation such as light within an ultraviolet or visible range or electron beam, not 
by heat. In the case of the thermal curing, thermal control is very difficult, generally. 
However, in this embodiment, the thermal control becomes unnecessary during the 
molding, substantially. Accordingly, not only is thermal influence on the back plate 12 and 
front plate 14 reduced, but also the quality of the rib 16 becomes uniform. 

The photosensitive paste described above basically contains (1) a powder of 
ceramics (e.g. alumina, silica or wallnite) and (2) a photocurable binder that has a silane 
coupling agent having a functional group such as mcthacrylic group, etc., which is 
polymerized by radiation, such as y-methacryloxypropyltrimcthoxy-silane, y-meth- 
acryloxypropylmethyldimethoxysilane. y-methacryloxypropyltriethoxysilane or y-meth- 
acryloxypropylmethyldiethoxysilane. and does not contain lead which has high toxicity and 
mass absorption coefficient, like a conventional photosensitive paste. Accordingly, the 
photosensitive paste used herein can transmit UV efficiently and hardly diminish radiation 
even if it has a thickness of several hundreds of micrometers (nm). This fact is very 
advantageous to produce a rib for PDP to which the height of about 200 \im is required. 

Further, since this photosensitive paste contains little or no organic additive in the 
binder, it makes possible to calcine at a temperature lower than that of a conventional 
procedure. Accordingly, it is possible to use a flat plate of a cheap glass having a low 
softening point such as soda lime glass as the back plate or front plate in place of an 
expensive high-soflening point glass. This photosensitive paste can not only reduce the 
cost as described above. That is, a polymer of a silane coupling agent contained in the 
photosensitive paste is converted into an inorganic calcined substance such as silica, etc. at 
a calcination temperature of about 450 to SOO^C. At this time, the calcined substance 
exists between powders of ceramics such as alumina, etc. and functions as a binding 
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medium for performing dense bonding of them, thereby affording a dense structure for 
increasing the strength to the molded article after calcination. As a result, the molded 
article after calcination has a shrinkage factor of about 1% and has high processing 
accuracy. 

It is preferred that the silane coupling agent constituting the binder has a molecular 
weight of about 232 to 290, taking the availability into consideration. This photosensitive 
paste contains a surfactant or mineral add. if necessary, and has a viscosity of about 1 10 
to 1 1 0** centipoise (cps). Because such a viscosity is suited to fill a paste in a mold for 
forming a rib with good accuracy. 

The method of production of the substrate for PDP of this embodiment will be 
described in order of step v^th reference to Fig. 2. 

First, although it is riot illustrated, a photosensitive paste is prepared by mixing a 
silane coupling agent having a methacrylic group and a predetermined molecular weight 
with and a powder of alumina or silica with a medium such as water, etc. Alternatively, a 
sol may be formed by mixing them with mineral acid such as hydrochloric acid or sulfiiric 
acid in place of water, and hydrolyzing the silane coupling agent. In this case, the 
photosensitive paste does not cause gelation after drying and enables the powder to 
uniformly disperse therein. The viscosity does not vary with the amount of water added 
and keeps constant, resulting in preferred one. 

Then, a mold 28 having a concave portion 26 corresponding to the shape of the rib 
of the substrate for PDP to be produced is prepared, and a photosensitive paste 30 is 
applied on the mold 28 to fill the concave portion 26 with the photosensitive paste 30 (see 
step (A)). At this time, the concave portion 26 may have a trapezoidal cross section. 
Alternatively, although it is not shown, a releasant may be applied on the surface to impart 
high releasability to the mold 28. Subsequently, excess photosensitive paste 30 on the mold 
28, which is not poured into the concave portion 26, is removed by a scraper (not shown) 
to make the surfece of the mold 28 smooth (see step (B)). 

After filling the concave portion 26 of the mold 28 with the photosensitive paste 30, 
a transparent back plate 12 is placed on the mold 28 to bring it into contact with the 
photosensitive paste 30 of the concave portion 30 (see step (C)). Then, as shown by the 
arrow in the step (C), the photosensitive paste 30 of the concave portion 26 is exposed to 
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the above radiation via the back plate 12. At this time, the photosensitive paste 30 of the 
concave portion 26 is easily cured by single exposure step to form a molded article 32 
because it has high UV transmission as described above. That is, simplification of the 
production steps can be performed. As is apparent from a comparison with a screen 
printing method of forming a rib by repetition of laminating of a photosensitive paste and 
radiation exposure (not shown), simplification of the steps can be performed. 

After UV radiation exposure, an integrally bonded molded article 32 is removed 
from the mold 28 (see step (D)). Then, the back plate 12, to which the molded article 32 is 
attached, is placed in a calcination furnace (not shown) and calcined at comparatively low 
temperature such as about 400 to SOO'C, at which the back plate and molded article are not 
thermally deformed, to obtain a rib 16 (see step (E)). 

Subsequently, akhough it is not shown, an address electrode is formed between ribs 
on the back plate and, if necessary, a fluorescent layer may be provided on the address 
electrode. Thereafter, a transparent front plate, on which a bus electrode is previously 
formed, may also be disposed via the rib so that the front plate and back plate face each 
other. Then, the peripheral portions of the front plate and back plate are sealed in an 
airtight state by using a sealing material (not shown) and a discharge display cell may be 
formed between the front plate and back plate. After the discharge display cell is vacuum- 
extracted, a rare gas such as helium, neon, etc. may be introduced to form a substrate for 
PDP. 

The present invention was described with reference to an AC substrate for PDP, but 
it is apparent to persons skilled in the art that the present invention can also be applied to a 
DC substrate for PDP. Regardless of the DC/AC substrates for PDP, formatiorj of the 
electrode may be performed before forming the rib. 



-6- 



SUBSTTTUTE SHEET (RULE 25) 



wo 99/60446 



PCT/US99/098S0 



Examples 

The following Examples further illustrate the present invention in detail but are not 
tp be construed to limit the scope thereof. 

Example 1 

First, a photosensitive paste was prepared as follows. To 4 g of y-meth- 
aciyloxypropyldimethyldimethoxysilane (manufactured by Nippon Yunicar Co., Ltd.) as a 
silane coupling agent, 2.7 g of a mixed solution of an aqueous O.IN nitric acid solution and 
ethanol in a molar ratio of 1 :2 was added. The mixture was reacted with sufficiently 
stirring at 70''C for 12 hours. The reaction product was vacuum-dried at room temperature 
to obtain a viscous liquid having a viscosity of 1 0 cps. 

To this viscous liquid, 14 g of a-alumina having an average particle diameter of 
0.5 \i m was added while adding dropwise 0.05 g of Dyrocure™ 11 73 (2-hydroxy-2- 
methyl-l-phenyl-propan-I-one. manufactured by Ciba-Gigy Co.) as a photocuring initiator 
and 0.04 g of POCA (phosphate polyoxyalkyi polyol) as a surfactant, to obtain a 
photosensitive paste. At this time, assumed that all of methoxy groups of y-methacryloxy- 
propyldimethyldimethoxysilane are hydrolyzed in the viscous liquid, this paste has an 
inorganic solid content of 86% by weight. 

Then, the photosensitive paste obtained as described above was applied on a plastic 
mold having a concave portion corresponding to the shape of a rib to fill the concave 
portion with the photosensitive paste. This concave portion is designed to produce a 
substrate for PDP, which has a cell pitch of 230 |Am, a rib height of 200 ^ra, an opening 
size of the cell upper surface of 80 \im and a cell bottom size of 1 10 ^m. 

Then, a back plate of soda lime glass was placed on the mold to bring it into contact 
with the photosensitive paste of the concave portion. Using an ultra>dolet (UV) light 
source (trade name: Unicure) manufactured by Ushio Denki Co.. Ltd., the photosensitive 
paste of the concave portion was cured by an exposure source of UV having a wavelength 
of 200 to 450 nm via the back plate for 30 seconds to obtain a molded article. 

Then, the molded article bonded integrally with the back plate was removed from 
the mold and the molded article was calcined at a predetermined temperature of 450 to 
550''C to obtain a rib. In this case, deformation of the molded article was not observed. In 
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addition, the shrinkage factor of the molded article was low enough to permit the 
processing accuracy. That is. the shrinkage factor of the molded article was 0.35% in case 
of calcination at 450X whereas the shrinkage factor was 1.5% in case of calcination at 
550»C . 

A microphotograph obtained by SEM observation of the surface of the rib calcined 
at 450OC is shown in Fig. 3. From the SEM of Fig. 3, it was observed that silica (Si02) 
obtained in calcination of the silane coupling agent exists between alumina (AI2O3) 
particles to form a binding medium such as binder of particles thereof, thereby affording a 
dense structure to the rib. It was also found that this rib has strength enough to endure 
deformation of the pressure by fingers. 

Comparative Example 1 

According to the substantially same manner and condition as those described in 
Example 1 except for preparing the photosensitive paste as follows, a rib was produced. 

First, a mixture prepared by mixing 2.5 g of glass (trade name: ASF1273, 
manufactured by Asahi Glass Co., Ltd.). which has an average particle diameter of 1 Mm 
and contains a large amount of lead, with 5 .7 g of a-alumina having an average particle 
diameter of 0.5 ^m in a weight ratio of 3:7 was dispersed in I g of DMA 
(dimethylacrylamide) as a photocuring monomer to prepare a paste. 

To this paste, 0.02 g of Dyrocure™ 1 173 (2-hydroxy-2-methyl-l-phenyl-propan-l- 
one, manufactured by Ciba-Gigy Co.) as a photocuring initiator and 0.02 g of POCA 
(phosphate polyoxyalkyl polvol) as a surfactant were added to obtain a photosensitive 
paste. 

In case of curing such a photosensitive paste using the same light source as that 
used Example 1, even if UV exposure was performed for 3 minutes, only the photosensitive 
paste of the concave portion, which exists within the range from the surface of the mold to 
100 M m in depth at most, was cured and the photosensitive paste existing in the deeper 

position was not cured. 

Even if the partially cured molded article was calcined at 450°C, it was not 
sufficiently sintered. A microphotograph obtained by SEM observation of the rib obtained 
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by calcining the partially cured molded article at 450°C is shown in Fig. 4. From the SEM 
of Fig. 4, it was observed that insufFiciently molten lead (PbO) glass does not function as a 
binding medium such as binder for alumina {AiiO^). That is. it was found that the rib has a 
very brittle porous structure. It was also found that this rib is easily deformed and broken 
by fingers' touch. Therefore, the shrinkage coefficient of the molded article could not be 
measured. 

Comparative Example 2 

According to the almost same manner and condition as those described in 
Example 1 except for preparing the photosensitive paste as follows, a rib was produced. 

First, 5 g of a-alumina having an average particle diameter of 0.5 ^m 
(manufectured by Sumitomo Chemical Industries Co., Ltd.) was dispersed in 1 g of 
DMMA (dimethylacrylamide) as a photocuring monomer to prepare a viscous liquid. 

To this liquid, 0.02 g of Dyrocure™ 1 173 (2-hydroxy-2.methyl-l-phenyl-propan-l- 
one, manufectured by Ciba-Gigy Co.) as a photocuring initiator and 0.02 g of POCA 
(phosphate polyoxyalkyl polyol) as a surfactant were added to obtain a photosensitive 
paste. 

Then, a back plate of sodium lime glass was placed on a mold to bring it into 
contact with the photosensitive paste which has already filled in the concave portion of the 
mold. Then, using the same UV light source as that used in Example 1 , the photosensitive 
paste of the concave portion was cured by UV (wavelength: 200 to 450 nm) exposure via 
the back plate for 30 seconds to obtain a molded article. 

Even if the partially cured molded article was calcined at 450*'C, it was not 
sufficiently sintered. It was also found that this rib is easily deformed and broken by 
fingers' touch. Therefore, the shrinkage coefficient of the molded article could not be 
measured. 

For reference, a rib was produced by calcining only the molded article at 1000°C. 
This rib was not easily deformed and broken in comparison with that obtained at the 
calcination temperature of 450°C. A microphotograph obtained by SM observation of this 
rib is shown in Fig. 5. From the SEM of Fig. 5, it was observed that the rib of this example 
has a porous structure containing voids formed by calcination of DMAA between alumina 
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(AI2O3) particles in comparison with the rib of Example i It was also found that, since 
the calcination temperature of 1000°C is likely to deform the back plate so that an airtight 
discharge display cell can not be formed, such a paste can not be attached to the flat glass 
plate and is not suited to form forming a rib on the glass flat plate. 
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What is Claimed is: 

1 . A photosensitive paste comprising: 
a powder of ceramics, and 

5 a photocurable binder that includes a silane coupling agent having a functional 

group, which is polymerized by radiation. 

2. A substrate for plasma display panel, comprising a rib which defines a 
discharge space capable of emitting light by plasma discharge, characterized in that the rib 

10 is composed by interposing an inorganic calcined substance, formed by calcination of a 
binder of a photosensitive paste of claim 1, between powders of the photosensitive paste. 

3. A method of production of a substrate for plasma display panel, wherein a 
rib is provided on a transparent flat plate, comprising the steps of: 

15 placing the photosensitive paste described in claim 1 between the flat plate and a 

mold having a concave portion corresponding to a shape oflhe rib to fill the concave 
portion of the mold with the photosensitive paste, 

curing the binder of the photosensitive paste by radiation exposure of Uie 
photosensitive paste to form a molded article, 
20 removing the molded article integrally with the flat plate from the mold, and 

calcining the cured molded article to interpose an inorganic calcined substance, 
formed fi-om the binder of the photosensitive paste, between powders of the photosensitive 
paste described in claim 1 . 
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